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SUMMARY 
The s t a t i c  and dynamic s t a b i l i t y  c h a r a c t e r i s t i c s  of a 12-1/20 semivertex 
angle cone were s tud ied .  The cone w a s  t e s t e d  with both sharp and b lunt  t i p s  and 
with a f l a t  base and sphe r i ca l  segment a f te rbodies .  The t e s t s  were performed a t  
Mach numbers from 0.25 t o  2.20 f o r  angles  of a t t a c k  from -13’ t o  + 1 8 O .  
Reynolds number va r i ed  from 0.68 mi l l ion  t o  1.54 mi l l ion  based on model base 
diameter. Presented a re  measurements of the  normal force ,  a x i a l  force ,  base 
pressure,  and p i t ch ing  moment from the  s t a t i c  t e s t s ,  and the  damping-in-pitch 
moment from the  dynamic t e s t s .  The reduced frequency va r i ed  from 0.013 t o  0.133 
during the  o s c i l l a t o r y  t e s t s .  
The 
The damping-in-pitch moments were measured f o r  t h ree  moment centers .  The 
measured values  from two of t h e  moment centers  were then used t o  compute the  
damping moment f o r  the  t h i r d  loca t ion ,  and the  t r a n s f e r r e d  and the  measured damp- 
ing  were compared. The t r a n s f e r  technique w a s  found t o  be v a l i d  f o r  the  models 
inve s t i gate  d. 
Tests  with d i f f e r e n t  s t i n g  diameters and lengths  showed t h a t ,  i n  general ,  
t he  damping moment w a s  not s e n s i t i v e  t o  v a r i a t i o n s  of s t i n g  geometry. 
INTRODUCTION 
Wind-tunnel measurements of aerodynamic damping of models of f l i g h t  vehic les  
a r e  f requent ly  made wi th  a small-amplitude single-degree-of-freedom balance sys- 
tem. A t y p i c a l  fo rced -osc i l l a t ion  system i s  described i n  reference 1. The ba l -  
ance por t ion  of t h i s  system i s  genera l ly  instrumented s o  t h a t  t he  damping i s  
measured only about t h e  o s c i l l a t i o n  a x i s  of t he  balance. Design changes i n  t h e  
f l i g h t  vehic le  may make it imperative t o  know the  damping about some o the r  moment 
center  and s ince  add i t iona l  wind-tunnel tests a r e  not always possible ,  one would 
l i k e  t o  be ab le  t o  compute the  damping about t he  new moment center  from t h e  da ta  
a l ready  ava i lab le .  With the  method used i n  reference 2 t o  t r a n s f e r  the  damping 
moment it i s  necessary t o  know the  damping about two moment centers  i n  order  t o  
compute the  value f o r  a t h i r d .  
f e r r e d  and measured damping i n  reference 2 where damping moments were t r a n s f e r r e d  
i n  order  t o  compare da t a  from two wind tunnels ,  there  was a question of whether 
t h i s  method could be used f o r  b lunt  r een t ry  type bodies. The present  inves t iga-  
t i o n  w a s  therefore  undertaken t o  check experimentally the  use of t he  t r a n s f e r  
technique on r een t ry  shapes. 
Because of t he  poor agreement between the  t r a n s -  
The bas i c  configurat ion f o r  t he  study, a 12-1/2' semivertex angle cone, was  
Both models were t e s t e d  t e s t e d  with a sharp t i p  and with a b lun t  sphe r i ca l  t i p .  
with f l a t  bases and spher ica l  segment a f te rbodies .  
dynamic measurements a r e  presented f o r  a l l  t he  configurat ions s o  t h a t  not  only 
could t h e  accuracy of t he  t r a n s f e r  of t he  damping moment be checked bu t  t he  da ta  
would be s u f f i c i e n t l y  complete f o r  f'undamental research information. 
were conducted i n  the  Ames 6- by 6 - ~ o o t  Supersonic Wind Tunnel a t  Mach numbers 
from 0.25 t o  2.20. 
The r e s u l t s  of s t a t i c  and 
The t e s t s  
To determine t h e  s ign i f icance  of model-support in te r fe rence ,  t he  e f f e c t s  of 
s t i n g  l eng th  and diameter on the  damping i n  p i t c h  were a l s o  evaluated a t  angles  
of a t t a c k  near 0' and Mach numbers of 0.65, l.OO,,and 1.60. 
SYMBOLS 
a x i a l  fo rce  t o t a l  ax ia l - fo rce  coe f f i c i en t ,  
t o t a l  drag coe f f i c i en t ,  
t o t a l  drag c o e f f i c i e n t  a t  zero angle of a t t a c k  
l i f t  fo rce  l i f t  coe f f i c i en t ,  
l i f t - c u r v e  slope a t  zero angle of a t t ack ,  -, per  radian 
pitching-moment coe f f i c i en t ,  
damping-in-pitch coe f f i c i en t ,  
v a r i a t i o n  of pitching-moment coe f f i c i en t  with angle of a t t a c k  a t  
acm zero angle of a t t ack ,  --, per  radian 
aa 
(1/2) PV"S 
drag force  
(1/2) PV2S 





%?I + acm 
a(qd/v) a ( w v )  
, per  radian 
N normal-force coe f f i c i en t ,  
damping-in-pitch normal-force coe f f i c i en t ,  acN + acN , 
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v a r i a t i o n  of normal-force c o e f f i c i e n t  with angle of a t t a c k  a t  zero 
3 C N  angle of a t t a c k ,  -, per  radian 
aa 
pb - ps base pressure coe f f i c i en t ,  
(1/2) PV2S 
body maximum diameter 
wd reduced frequency parameter, - v 
Mach number 
p i t ch ing  moment 
am + a m  damping-in-pitch moment, 
a(sa/v) d(cLd/V) 
a m  v a r i a t i o n  of p i t ch ing  moment with angle of a t t ack ,  - aa 
normal fo rce  
aN damping-in-pitch normal force ,  aN + a ( sa/w a (ELd/v) 
aN 
bU 
v a r i a t i o n  of normal fo rce  with angle of a t t ack ,  - 
s t a t i c  pressure a t  model base, measured a t  t h e  opening i n  the  
model base and a t  t he  s ide  of the  s t i n g  
free-stream s t a t i c  pressure 
p i t ch ing  ve loc i ty ,  radians/sec 




t i m e  
f r e e  -s tream ve loc i ty  
t r a n s f e r  d i s tance ,  pos i t i ve  toward base of model 
angle of a t t a c k  
v a r i a t i o n  of angle of a t t a c k  with t i m e ,  -, radians/sec aa a t  
3 
a i r  dens i ty  P 
w c i r c u l a r  frequency of o s c i l l a t i o n ,  radians/se  c 
Subscr ipts  
moment center  l oca t ions  
dis tance between moment centers ,  pos i t i ve  toward model base 
APPARATUS 
Wind Tunnel and Balances 
The aerodynamic measurements were made i n  the  Ames 6- by 6 - ~ o o t  Supersonic 
Wind Tunnel. This wind tunnel  i s  a closed-circui t  variable dens i ty  type w i t h  t he  
floor and c e i l i n g  perforated t o  permit t e s t i n g  a t  t ransonic  Mach numbers. 
&ch number range i s  from 0.25 t o  2.20. 
The 
The s t a t i c  aerodynamic forces  and moments were measured by means of a 
conventional six-component s t ra in-gage balance within the  model. The balance and 
models w e r e  supported i n  the  wind tunnel  by a 2-inch-diameter s t i ng .  
The aerodynamic damping monents were measured with a single-degree-of- 
freedom fo rced -osc i l l a t ion  system which permits a small amplitude of o s c i l l a t i o n  
(about +-3-l/2'). The balance 
on which the  model w a s  mounted i s  e s s e n t i a l l y  a set of crossed f l exures  t h a t  a c t  
as a mechanical spr ing  and a l s o  f i x  the  o s c i l l a t i o n  a x i s  of the  model. The model 
i s  driven by an electromagnetic shaker i n  a p i tch ing  motion, and o s c i l l a t e s  a t  
some predetermined amplitude and a t  t he  n a t u r a l  frequency of t he  system. The 
information necessary t o  compute the  damping moment w a s  obtained from a c a l i -  
b ra t ed  s t ra in-gage system within the  balance.  The models were s t i n g  mounted as 
shown i n  f i g u r e  1. 
A similar balance system i s  shown i n  reference 1. 
Models 
The bas i c  shape of t he  models of t h i s  i nves t iga t ion  w a s  a r i g h t  c i r c u l a r  cone 
with a 12-1/2' semivertex angle. One vers ion of the model had a pointed nose and 
another had a sphe r i ca l ly  blunted nose. I n  addi t ion,  t he  models were t e s t e d  with 
f l a t  bases and with sphe r i ca l  segment a f te rbodies .  Sketches of the  models a r e  
shown i n  f igu re  2 ( a ) .  The purpose of t h e  spher ica l  segment a f te rbodies  w a s  t o  
minimize the moment cont r ibu t ion  of the  base s o  t h a t  the  forebody damping could 
be measured. The rad ius  of each afterbody w a s  chosen s o  t h a t  the  center  of the 
sphere coincided with the  center  of moments. The l i n e  of ac t ion  of pressure 
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forces  on the  base then passed through the  moment center  and, as ide  from the  
t angen t i a l  f r i c t i o n  forces ,  t he  r e s u l t a n t  base moment w a s  zero. 
A s o l i d  model was used during most of t he  t e s t s ,  bu t  during the  t e s t  con- 
cerned with s t i n g  in t e r f e rence  e f f e c t s ,  a p a r t l y  hollow model w a s  a l s o  used. 
Figure 2 (b )  shows the  shape of t h e  hollow chamber. 
In  order t o  allow the  model t o  o s c i l l a t e  without h i t t i n g  the  s t i n g ,  the  
clearance hole i n  the  base of t he  model was made f a i r l y  l a rge .  
cu la r  and gave a clearance of about 3/8 inch a l l  around the  s t i ng .  
The hole w a s  c i r -  
The maximum diameter of the  models was 6.36 inches. This gives a r a t i o  of 
0.00614 f o r  t he  model maximum a rea  t o  the cross-sect ion a rea  of the  wind-tunnel 
t e s t  sec t ion .  
S t ing  Configurations 
For most of t he  o s c i l l a t i o n  t e s t s ,  the  s t i n g  w a s  2 inches i n  diameter and 
had a p a i r  of s t i f f e n e r  p l a t e s  perpendicular t o  the  o s c i l l a t i o n  a x i s  of t he  
model ( see  f i g .  2 ( c ) ) .  These p l a t e s  minimized s t i n g  de f l ec t ion  and reduced 
unwanted v e r t i c a l  motion of t he  model moment center .  
p l a i n  2-inch-diameter s t i n g  was used. 
For the  s t a t i c  t e s t s ,  a 
I n  the  phase of t he  inves t iga t ion  concerned with the  e f f e c t s  of s t i n g  
l eng th  and diameter on the  damping moment, t he  s t i n g  l eng th  and diameter were 
var ied  by means of f a i r i n g s .  No s t i n g  s t i f f e n e r  p l a t e s  were used i n  t h i s  phase 
of  t he  test .  
The l eng th  was va r i ed  by use of a sheet-metal  cone represent ing the  conical  por- 
t i o n  of the  bas i c  model support  t h a t  could be moved along the  s t i n g  and posi-  
t ioned  a t  any loca t ion .  The three  s t i n g  lengths  s tud ied  were the  normal f u l l  
l eng th  (basic) s t ing ,  ha l f  normal length ,  and zero length.  
Figure 2 ( c )  i s  a sketch of the  d i f f e r e n t  s t i n g  configurat ions.  
The v a r i a t i o n  of s t i n g  diameter w a s  accomplished by the  addi t ion  of constant  
diameter wood s leeves around the  s t i ng .  
2-1/2, and 3 inches.  
necessary t o  en large  the  c i r c u l a r  hole i n  the  model base t o  accommodate the  
l a r g e r  s t i n g  diameters. 
The three  diameters considered were 2, 
The s leeves extended in s ide  the  model base so  t h a t  it w a s  
TESTS AND PROCEDUmS 
Measurements were taken during the  s t a t i c  and o s c i l l a t i o n  t e s t s  f o r  Mach 
numbers from 0.25 t o  2.20 and angles of a t t a c k  from -13' t o  +18O. 
of Reynolds number with Mach number i s  shown i n  f i g u r e  3. 
The va r i a t ion  
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The q u a n t i t i e s  measured during the  s t a t i c  t e s t s  uere the  normal fo rce ,  
a x i a l  fo rce ,  p i t ch ing  morr,ent, and the  base pressure.  The ax ia l - fo rce  da t a  pre-  
sented i n  the  r e p o r t  a r e  the  t o t a l  a x i a l  fo rces  ac t ing  on the  s t ra in-gage balance 
wiLh no adjustrierlt of' t he  base r r e s su re .  
The quan t i ty  measured. du.ricg the  o s c i l l a t i o n  t e s t s  ;.Tas t h e  aerodynamic 
darnping xoment from which the  p a r m e t e r  Cms + CrndL was evaluated. The measure- 
m n t s  were made a t  reduced frequencies from 0.013 t o  0.133. The damping moments 
were measured wi.th t h e  model set  a t  a nominal angle of a t t a c k  and then o s c i l l a t e d  
?1-1/2' about t h i s  posikion. 
of t he  moment centers  shown on f i g u r e  2 (  a ) .  
The damping moments vere measured about a l l  t h ree  
A s  previously s t a t e d ,  t he  models, were constructed with e i t h e r  a f l a t  o r  a 
spherical. segment base. 
ccnfiguret ion,  the  cen te r  of the  sghe r i ca l  segment always coincided with the  par- 
t i c u l a r  moment center  o r  o s c i l l a t i o n  a x i s  being used. 
For o s c i l l a t i o n  t e s t s  conducted with a sphe r i ca l  based 
Ac curacy 
The accuracy of t he  data  estimated from repeated measurements i s  as follows: 
S t a t i c  data  Dynamic data  
_+o. 010 C q + C x  20.10 cA 
CN k0.004 K +0. 0001 
C, +O.GOl 
C tG. 003 
'b 
a +o. 10 
RESULTS AND DISCUSSION 
Transfer Equation 
The equations f o r  t r a n s f e r r i n g  r o t a r y  aerodynamic de r iva t ives  from one p i t c h  
a x i s  l o c a t i o n  t o  another are f r equen t ly  given i n  dynamic s t a b i l i t y  l i t e r a t u r e .  
For an a r b i t r a r y  d i sp lacemnt  i n  only the  long i tud ina l  d i r e c t i o n  of the o r i g i n  of 
t he  system of axes (moment cen te r )  the  equations a r e  considerably s implif ied.  A 
der ivat ion of  t he  t r a n s f e r  equation f o r  aerodynamic damping-in-pitch moment f o r  
an a r b i t r e r y  long i tud ina l  displacement of t he  moment center  i s  given i n  the  
appendix and the  equation i s  repeated here i n  conventional c o e f f i c i e n t  form: 
This equation, of course, w a s  derived with the  usual  l i m i t a t i o n s  and assumptions 
b 
involved i n  s t a b i l i t y  der iva t ive  concepts. The der iva t ives  are assurned l i n e a r ,  
a t  l e a s t  f o r  small va r i a t ions  of a, &, and q, and the  p r inc ip l e  of superposi t ion 
i s  employed. 
From the  t r a n s f e r  equation it can be seen t h a t  i n  order  t o  compute the  
damping moment f o r  center  (0 )  , not  only the  damping moment f o r  l oca t ion  (1) but  
a l s o  the damping normal fo rce  and the s t a t i c  s t a b i l i t y  c h a r a c t e r i s t i c s  must be 
known. With the  measurement system employed f o r  the da ta  of t h i s  repor t ,  only a 
dynamic moment about the o s c i l l a t i o n  ax i s  of t he  balance and the  s t a t i c  s t a b i l i t y  
cha rac t e r i s t i c s  are obtained. A s  a resul t ,  i n  order  t o  t r a n s f e r  damping moments 
with t h i s  system, it i s  necessary t o  measure the damping moment f o r  two loca t ions  
of the  o s c i l l a t i o n  a x i s  and the s t a t i c  s t a b i l i t y  c h a r a c t e r i s t i c s .  If the  damping 
normal force  i s  el iminated from the  moment t r a n s f e r ,  the  following equation i s  
then obtained: 
xo-l xo-2 -(cm4 + CR), - -d ('% + cm)l 
(C% + cmdL)o = d - (y) r?) CN, 
d 
The subscr ip ts  on the  damping der iva t ives  refer t o  the  moment center  l oca t ions  
and the  terms xOe1 and xOw2 are the  d is tances  between the  moment centers .  The 
t r a n s f e r  d i s tances  are measured from the  moment center  about which the  damping 
moment i s  t o  be computed t o  t h e  moment centers  where the  damping i s  known ( d i s -  
tances  measured toward the  rear of the model a re  considered p o s i t i v e ) .  
Damping-Moment Transfer 
One purpose of t he  present  inves t iga t ion  w a s  t o  check the  adequacy of t he  
damping-moment t r a n s f e r  r e l a t ionsh ip  f o r  an axisymmetric entry-type body. 
type of vehicle  would have a f a i r l y  b lun t  forebody and a l a r g e  base area. It 
would also be l i k e l y  to have s t a b i l i t y  character is t ics  somewhat nonlinear w i t h  
angle of a t tack .  The procedure of the  s tudy w a s  t o  measure the damping moments 
about th ree  moment centers  and then compute the  damping f o r  each loca t ion  using 
the measured damping values from the  o ther  two. A comparison w a s  then made 
between the  measured and t r ans fe r r ed  values.  
This 
The va r i a t ions  of the  damping-in-pitch coe f f i c i en t s  with angle of a t t a c k  are 
shown i n  figur 'e 4 f o r  t he  sharp and b lun t  cones with both f l a t  and rounded bases. 
Both the  measured values of damping and t h e  t r ans fe r r ed  values are shown. Data 
are compared only f o r  Mach numbers 0.65, 1.00, 1.30, and 2.20, which are con- 
s idered  representa t ive  of the  subsonic, t ransonic ,  and supersonic speed ranger.  
Measured da ta  f o r  o ther  Mach numbers are included i n  t a b l e  I. It should be noted 
t h a t  the  t r a n s f e r  w a s  made using the  damping values shown by the  curves f a i r e d  
through the measured readings.  This w a s  necessary s ince  the  da ta  f o r  the  var ious 
moment centers  r a r e l y  were taken a t  i d e n t i c a l  angles of a t t ack .  
The agreement between the  measured and t r ans fe r r ed  da ta  as shown on figure 4 
For the  majori ty  va r i e s  a g rea t  dea l  depending on Mach number and configuration. 
of the  da ta  the  agreement i s  good; t h a t  i s ,  the  t r ans fe r r ed  da ta  give a 
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reasonable value of t he  damping as compared with the  measured value. I n  o the r  
cases the agreement ranges from f a i r  t o  poor. It  appears t h a t  throughout t he  
Mach number range the  agreement w a s  be t te r  f o r  the  b lun t  cone than f o r  t he  sharp 
cone. 
It i s  not  c l e a r  why there  i s  such a va r i a t ion  i n  agreement between the  meas- 
ured and t h e  t r ans fe r r ed  data.  Nonlinear i ty  with angle of a t t a c k  does not  seem 
t o  be the  reason s ince the  b lun t  cones a t  M = 1.00 have measured da ta  t h a t  are 
nonlinear and the t r ans fe r r ed  poin ts  are genera l ly  i n  good agreement. One pos- 
s i b i l i t y  i s  t h a t  the  t r a n s f e r  equation shows t h a t  f o r  the  small moment center  
t r a n s f e r  dis tances  considered i n  t h i s  inves t iga t ion ,  the  t r a n s f e r  i s  near ly  l i n -  
ear with moment center  loca t ion .  The discrepancies may therefore  be the  resul t  
of some nonl inear i ty  with moment center  movement not  accounted f o r  i n  the  d e r i -  
va t ion  of the  t r a n s f e r  equation. The most l i k e l y  reason f o r  the  poor agreement 
i s  t h a t  the  t r a n s f e r  computation involves the difference between two numbers of 
similar magnitudes which may tend t o  magnify small i r regular i t ies  i n  the  
measured damping readings.  
For t he  sharp cone with the  spher ica l  base, damping w a s  measured f o r  only 
the  middle moment center  ( f i g .  4 ( c ) ) .  T h i s  means, of course, that no transfer of 
the damping moment could be made. The data f o r  t h i s  model are included through- 
out  the  r epor t  because they may be of general  i n t e r e s t  s ince  the  shape i s  r e l a t e d  
t o  the  o thers  considered i n  the  repor t .  
The s t a t i c  c h a r a c t e r i s t i c s  f o r  t he  models are shown i n  f igu re  5. A s  with 
the  damping data ,  results are shown only f o r  Mach numbers of 0.65, 1.00, 1.30, 
and 2.20. Data f o r  o ther  Mach numbers are presented i n  t a b l e  11. Figure 5 a l s o  
shows t h a t  the  value of 
models. C T J ~  
i s  near ly  constant with angle of a t t a c k  f o r  a l l  
Figure 6 shows the  va r i a t ion  of the  zero angle-of-attack values of both the  
s t a t i c  and dynamic s t a b i l i t y  der iva t ives  with Mach number. 
f e r r e d  damping moments i s  a l s o  shown, as w e l l  as a comparison of measured damping 
with l i n e a r  theory f o r  t he  sharp cone. Comparing the  t r ans fe r r ed  and measured 
damping shows t h a t  the  t r a n s f e r  i s  genera l ly  s a t i s f a c t o r y  throughout the  Mach 
number range. The da ta  f o r  the  sharp cone show somewhat poor agreement i n  the  
t ransonic  and subsonic speed ranges, but those for the  b lun t  cone show good 
agreement throughout the  e n t i r e  range. 
would be expected i n  l i g h t  of figure 4. 
One se t  of t r ans -  
The poor agreement f o r  t he  sharp cone 
The comparison of the  l i n e a r  theory with the  experimental da ta  shown i n  
f igu res  6 (a )  and 6 ( b )  shows good agreement f o r  t he  s t a t i c  c h a r a c t e r i s t i c s  and 
reasonable agreement f o r  the  damping i n  pi tch.  The theory shown i s  the  combina- 
t i o n  f i rs t -  and second-order l i n e a r  theory given i n  reference 3 appl icable  t o  
sharp-nosed cones. A comparison of t he  t h e o r e t i c a l  damping value w i t h  the  meas- 
ured damping f o r  both the  cone w i t h  the  f l a t  base and with the  sphe r i ca l  base 
shows t h a t  the  theory agrees b e s t  f o r  the  model with the  spher ica l  base, as would 
be expected. 
The e f f e c t  of t he  a l t e r n a t e  o s c i l l a t i o n  axes on the  zero angle-of-at tack 
values of damping moment coe f f i c i en t s  i s  shown i n  f igu re  7. The l i n e a r  theory 
values f o r  the  sharp cone and the  t r ans fe r r ed  damping moments f o r  a l l  the  bodies 
a re  shown. Both the  t r a n s f e r r e d  and the  t h e o r e t i c a l  damping show the  same t rends  
as  t he  measured values f o r  movement of the  moment center .  
Shape Changes 
I n  addi t ion  t o  t h e  v a r i a t i o n  of damping due t o  niovement of the moment center ,  
f i g u r e  7 a l s o  shows t h e  e f f e c t  of b lunt ing  the nose of the  cone and the  e f f e c t  of 
t h e  addi t ion  of t he  sphe r i ca l  base. 
l i z i n g  e f f e c t  on the  damping. 
s h i f t  i s  t y p i c a l  throughout t he  e n t i r e  Mach number range and a l s o  throughout most 
of the  angle-of-at tack range. The most pronounced change occurred a t  subsonic 
Mach numbers with the  add i t ion  of t he  spher ica l  base where the  damping became 
unstable  f o r  both the  sharp and the  b lunt  con.es. These changes i n  damping l e v e l  
a r e  s imi l a r  t o  those shown i n  reference 2. 
Both of these modifications had a des tab i -  
A s  seen i n  f igu res  4 and 6,  t h i s  d e s t a b i l i z i n g  
S t ing  In te r fe rence  
A second phase of t h e  inves t iga t ion  w a s  concerned with poss ib le  s t i n g  i n t e r -  
ference e f f e c t s  on the  damping moments f o r  the model shapes under considerat ion.  
Since the  base has a s i z a b l e  e f f e c t  on the  damping, e s p e c i a l l y  a t  subsonic speeds, 
it w a s  reasoned t h a t  the  s t i n g  configurat ion might a l s o  have some e f f e c t .  The 
round-nosed cone with both the  f l a t  and the  spher ica l  bases was used f o r  t h i s  
p a r t  of t he  inves t iga t ion .  The damping w a s  measured on ly  a t  Mach numbers of 
0.65, 1.00, and 1.60 and a t  zero angle of a t tack .  
The damping w a s  measured f o r  t h ree  s t i n g  diameters and f o r  t h ree  lengths  of 
the  2-inch-diameter s t i n g  with the  hollow model. Since the  s t i n g  used f o r  these  
t e s t s  d id  not incorporate  the  s t i f f e n e r s  previously described, t he  s o l i d  model 
was also t e s t e d  with the  uns t i f f ened  2-inch-diameter s t i ng .  (Figure 2 (b )  i s  a 
sketch of the var ious s t i n g  conf igura t ions . )  
A s  can be seen on f i g u r e  8, the  damping w a s  not a f f ec t ed  by changes i n  s t i n g  
length  or diameter, or by the  presence of the s t i f f e n e r  p l a t e s  a t  the  supersonic 
or sonic  speeds f o r  t he  model with e i t h e r  the  f l a t  or spher ica l  bases.  This was 
a l s o  t r u e  a t  a Mach number of 0.65 f o r  t he  model with the  f l a t  base. 
a Mach number of 0.65 f o r  t he  model with the  spher ica l  base the re  was a s i g n i f -  
i c a n t  e f f e c t  on the  damping a s  a result of both diarneter and length,  and a l s o  
some e f f e c t  due t o  t h e  s t i f f e n e r s .  The va r i a t ion  of s t i n g  d i a m t e r  caused t h e  
g r e a t e s t  change i n  damping and it appears t h a t  even the smallest diameter used 
was not small enough t o  e l imina te  the  e f f e c t  on damping. The v a r i a t i o n  of s t i n g  
length  a l s o  caused a change i n  damping l e v e l  bu t  t he  longes t  s t i n g  ( t h e  l eng th  
used f o r  t he  da t a  previously descr ibed)  appears t o  be s u f f i c i e n t l y  long t o  elim- 
ina t e  s t i n g  l eng th  e f f e c t s .  The reasons f o r  the  damping v a r i a t i o n  with s t i n g  
configurat ion f o r  the  model with the  spher ica l  base and not  f o r  t he  f l a t - b a s e d  
model a re  not  apparent.  
l e s s  with t h e  sphe r i ca l  base than with the  f l a t  base i f  t he  predominate e f f e c t  of 
t he  s t i n g  on the  damping were the  r e s u l t  of base-pressure e f f e c t s .  
However, a t  
The damping v a r i a t i o n  with s t i n g  configurat ion would be 
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COFCLUDING RFMAMARKS 
The r e s u l t s  of t h e  present  i nves t iga t ion  show t h a t  the  usual  method of 
conputing the  damping-in-pitch moKents f o r  an a r b i t r a r y  moment center  from damp- 
ing  values measured a t  two other  noment centers  gave s a t i s f a c t o r y  agreement 
between the  t r a n s f e r r e d  and measured damping of both the  sharp- and blunt-nosed 
cones. The t r a n s f e r  was s a t i s f a c t o r y  whether the  damping was s t a b l e  o r  unstable  
even when the  measured damping was nonlinear with angle of a t t a c k .  
It was a l s o  shown t h a t  t he  e f f e c t  of e i t h e r  blunt ing the  nose of the cone o r  
changing from a f l a t  t o  a sphe r i ca l  base caused a decrease i n  the  damping-in- 
p i t c h  mort,ents. I n  the  subsonic speed range t h i s  s h i f t  i n  damping for t he  change 
from the  f l a t  t o  sphe r i ca l  base was l a r g e  enough t o  change the  damping from 
s t a b l e  t o  unstable .  The damping-in-pitch moment of t he  b lun t  cone with e i t h e r  
the  f l a t  o r  sphe r i ca l  base w a s  not a f f ec t ed  by changes i n  s t i n g  l e n g t h  o r  diam- 
e t e r  a t  t ransonic  o r  supersonic speeds. Such w a s  a l s o  the  case with t h e  f l a t  
base a t  1.1 = 0.65. With the  sphe r i ca l  base a t  M = 0.65, however, t he re  w a s  a 
s i g n i f i c a n t  e f f e c t  of both s t i n g  l eng th  and diameter on the  damping-in-pitch 
moment within the  ranges invest igated.  
Ames Research Center 
National Aeronautics and Space Administration 
Moffett F i e ld ,  Cal i f . ,  Jan.  11, 1963 
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APPENDIX 
DERIVATION OF THE TRANSFER EQUATTON FOR DAMPING MOMENTS 
I n  the  ana lys i s  t h a t  follows, t he  t r a n s f e r  equation i s  derived by consider- 
ing  the  change i n  the  fo rces  and moments on the  body produced by changes i n  down- 
wash d i s t r i b u t i o n  as the  p i t c h  a x i s  l o c a t i o n  i s  moved. It  i s  assumed t h a t  t h e  
t r a n s f e r  t akes  place i n  a d i r e c t i o n  perpendicular t o  the  normal fo rce  vec to r  so  
t h a t  any contr ibut ion of t he  a x i a l  fo rce  t o  t he  damping i n  p i t c h  i s  zero. I n  
addi t ion,  t he  fo rces  and moments due t o  angle of  a t t a c k  a r e  considered sepa ra t e ly  
and then summed t o  give t h e  f i n a l  moment equation. To s implify the  ana lys i s ,  it 
w i l l  be assumed t h a t  t h e  t r a n s f e r  i s  t o  be made between a r o t a t i o n  a x i s  a t  t h e  
nose of t he  body and some po in t  a f t  a dis tance x from the  nose. It  i s  not  nec- 
e s sa ry  t h a t  one of t he  t r a n s f e r  po in t s  be the  nose of t h e  body. The r e s u l t i n g  
t r a n s f e r  equation w i l l  be t h e  same f o r  t r a n s f e r  between any two moment cen te r  
l oca t ions .  
The f i rs t  po in t  t o  be considered i s  the  summation of moments due t o  the  
e f f e c t s  of angle of a t t a c k ,  a, and t i m e  rate of change of angle of a t t ack ,  &. I n  
both cases,  t he  downwash, o r  crossflow, w i l l  be uniform along the  body length.  
This downwash w i l l  give r ise  t o  some normal fo rce  and p i t ch ing  moment a t  t he  nose 
of t he  body (sketch ( a ) ) .  
t 
Moment center  a t  nose bbment center  a t  x a f t  of nose 
Sketch (a)  
For some o the r  moment cen te r  the  downwash d i s t r i b u t i o n  along t h e  body i n  a 
pure plunging motion does not change. A s  a . resu l t ,  the  normal fo rce  i s  the  same 
but the  p i t ch ing  moment about t h i s  other  moment center  i s  d i f f e r e n t .  This i s  
shown on the  r i g h t  s i d e  of sketch ( a ) .  
t i o n s  can be wr i t t en .  The moments and fo rces  have been changed t o  c o e f f i c i e n t  
form by dividing by [ ( l / 2 ) p V 2 S d ] .  
A s  a resul t ,  t he  following moment equa- 
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I- ,-I 
Sketch (b )  
The t r a n s f e r  r e l a t i o n  due t o  the  p i t c h  r a t e  q 
i s  more complicated. For a body p i tch ing  about t he  
nose, t he  downwash d i s t r i b u t i o n  due t o  p i tch ing  
only i s  shown i n  sketch ( b ) .  (For convenience the  
body length  i s  taken equal t o  d, bu t  the  equat ion 
derived appl ies  t o  a body of a r b i t r a r y  l eng th . )  
This downwash d i s t r i b u t i o n  gives r ise t o  some 
p i tch ing  normal force  and moment as shown. If the  
body i s  now pi tch ing  about some p 0 i n t . a  d i s tance  x 
from the  nose, the  downwash i s  a s  shown i n  the  l e f t  
p a r t  of sketch ( e ) .  
e red  as t h a t  due t o  p i tch ing  about t he  nose p lus  a 
This downwash may be consid- 
I 
Sketch ( e )  
uniform angle-of-at tack type downwash proport ional  t o  the  p i t c h  r a t e  and d is tance  
the  molnent center  was moved. The moments and fo rces  f o r  each of these  downwash 
d i s t r i b u t i o n s  a re  shown (ske tch  ( e ) )  resolved about moment center  1. Summing the  
moments due t o  the  p i t ch ing  and plunging downwash r e s u l t s  i n  the  following 
equation changed t o  c o e f f i c i e n t  f o r m  by dividing by [(l/2)pV2Sd]. 
X - (2y cN, 
The damping c o e f f i c i e n t  i s  t h e  sum of the  
equation is, 
q and & terms so the  f i n a l  t r a n s f e r  
A more d e t a i l e d  der iva t ion  of t he  above t r a n s f e r  equation i s  given i n  r e f e r -  
ence 4, where the  t r a n s f e r  i s  considered with both a hor izonta l  and a v e r t i c a l  
t r a n s l a t i o n  of the  p i t c h  ax i s .  
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TABLE I.- DAMPING-IN-PITCH DATA 












-1 .055 - 0 8 3 2  
-1.190 .OS27 
-1.327 .OB26 
-1 .215  .0821  
-1.209 - 0 8 2 1  
-1.177 .OB30 
-1.351 - 0 8 2 5  
-1.309 - 0 8 2 4  
-1.485 .081R 
-1 .329 . 0813  





























0 3 . C  
07.6 
10.4 
13 .1  
14.0 
04. a 
- 0 1 4 ;  
- 0 1 4 :  
.014L 
-014 :  
.014;  





- 0 1 4 ‘  
01.9 
01.0 












0 .786  


















M = 0.80 
-013; 





~ 0 1 3 ;  
-013; 
-013 :  

























- 0 3 3 2  
.0332 
- 0 3 3 0  
- 0 3 3 2  
- 0 3 2 9  
a 0 3 2 9  
.0329  
- 0 3 2 9  
- 0 3 3 1  
.!J331 
- 0 3 3 1  
.0276 
- 0 2 7 6  
.O27h 
a 9 2 7 7  
- 0 2 7 5  
- 0 2 7 6  
- 0 2 7 8  
- 0 2 7 7  
- 0 2 7 1  
a 0 2 7 9  
- 0 2 7 9  
.0279  








- 0 2 5 1  
,0252 








































-12 .9  
M = 1.00 
-2.247 
-2.356 






-1 .285  
-1 .255  
M = 1.10 
-1 .893  
-2.974 
-2.320 





-1 .223  
-1.239 
= 1.20 
- 0 2 2 7  
- 0 2 2 5  
e 0 2 2 5  
e0226  
e 0 2 2 7  
- 0 2 2 1  
- 0 2 3 1  
- 0 2 3 3  
- 0 2 3 2  




. 0 2 1 0  
.0211  
- 0 2 1 3  
.0213 
- 0 2 1 5  
- 0 2 1 5  
.o2oe  
-1.570 - 0 1 9 8  
-1.672 .O l9@ 
-2.192 - 0 1 9 6  
-1.509 - 0 1 9 5  
-1.321 a0195  
-1.162 e0195  
-1.262 -020C 
-1.425 -02OC 
-1.296 - 0 1 9 5  
-1.527 .oise 
= 1.30 
-1 .56 f  
-1.88t 
-2 .27;  














09 .8  




















09 .4  
12 .0  
13.1 
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TABLE I.- DAMPING-IN-PTICH DATA - Continued 
( b )  Sharp cone with f l a t  base; center of moments a t  0.677d from model base 

























































-0 .563  
= 0.65 
- 0 9 6 6  
- 0 9 7 2  
- 0 9 6 6  
.0977  
- 0 9 7 7  
e 0 9 8 3  
a 0 9 7 1  
- 0 9 7 0  
- 0 9 7 1  
- 0 9 7 0  
.0970  
-0.7OC -0384  
-0.852 . 0 3 8 t  
-0 .835 . O 1 8 t  
-0 .743 .C385 
-0 .735  .038& 
-0.752 .018& 
-0 .779 .038& 
-0.794 . 0 ? 8 L  
-0 .695 ,038:  
-0.688 -038 ;  
-0 .788 -0775  
-0.835 .038 '  
= 0.80 I 
-1 .043 61 - 0 3 1 8  . 3171




-0 .761 .031<  
-0.969 .0311 
I = 0.90 
-1 .331 .028i  
-1 .334 .0281 
-1 .187 . @ 2 8 I  
-1 .549  .028> 
-1 .425 .028i 
-1 .478 .028i  
-1.333 .028 i  


















= 1 . 0 0  
-1.664 .0258  
-1.540 - 0 2 5 9  
-1.472 e 0 2 6 0  
-1.575 , 0 2 5 7  
-1.770 m0255 
-1.854 .0257  
-1.767 -83256 
-1.654 - 0 2 5 9  
-1.212 , 0 2 6 1  
-1.162 - 0 2 6 1  
-1.305 , 0 2 6 0  
M = 1.10 
01.1 -1.618 - 0 2 3 7  
02 .1  4 . 1 1 . 3 2 4  1.1 -1 .491615 _:::: - 0 2 3 9  7  
00.1 -1.731 , 0 2 3 6  
01.9 -1.873 - 0 2 3 7  
04.8 -1.851 
08.0 -1.657 a 0 2 7 9  
11.1 -1 .201  e 0 2 4 2  
14.0 -0 .995 m0241 
17.1 - 1 . 7 6 1  - 2 2 4 0  
M = 1.20 
01 .1  -1.365 - 0 2 2 2  
02.0 -1.043 - 0 2 2 3  
04.0 -1 .120 - 0 2 2 3  
01 .1  -1.356 - 0 2 2 2  
00.2 -1.590 e 0 2 2 1  
01.8 -1 .593  .0220 
04.9 -1 .234 - 0 2 2 2  
08.0 -1 .001 - 0 2 2 3  
10.9 -0.926 - 0 2 2 3  
14.0 -1.009 ~ 0 2 2 1  
11.2 ~ 1 . 1 2 6  - 0 7 2 0  













- 0 2 0 9  
. 0211  
- 0 2 0 9  
- 0 2 0 9  
.0208 
.0210 
, 0 2 1 2  
.0211  
. 0 ? 1 0  
.C208 
M = 1.60 
.01.4 -1 .277 .0179  
.02.4 -1 .103  .0179  
.04.3 -0.983 - 0 1 8 1  
.01.3 -1.217 .0179  
,00.3 -1.205 .0179  
01.5 -1.431 - 0 1 7 8  
04.6 -1.071 - 0 1 7 9  
07.6 -0.685 - 0 1 8 1  
10.5 -0.891 - 0 1 8 1  
13.5 -0.986 - 0 1 8 1  
16.5 -0.987 - 0 1 8 1  























. l a 2 6 7  - 0 1 6 0  
1.046 - 0 1 6 0  
1.075 ~ 0 1 6 0  
0.792 - 0 1 6 1  
0.741 - 0 1 6 2  
0.608 0 0 1 6 2  
0 .837  a0162  
















- 0 1 5 1  
.0145 
- 0 1 4 9  
.015C 
- 0 1 5 0  




TABLE I. - DAMPING-IN-FITCH DATA - Continued 
( e )  Sharp cone with f l a t  base; center  of moments a t  0.52Od from model base 
























































































M = 1.90 
00.3 -0.971 .017; 
01.4 -1.015 .017, 
03.7 -1,038 -017' 
00.4 -1.072 .017. 
00.6 -1.05i -017: 
02.8 -1.015 -017; 
06.1 -0,822 -017' 
09.5 -0.620 -017' 



















-0.890 I -025'5 
13.1 -0.797 a0259 
14.2 I-o.84oI -0258 
M = 1.20 
-00.3 --la002 a0236 
-01.4 -0.993 -0237 
-03.7 -0.949 -0238 
-00.3 -0.861 ,0237 
00.7 -1.015 ,0236 
02.9 -1.195 ~0236 
06.4 -0.720 -0237 
09.8 -0.909 -0237 
12.2 -0.901 -0237 
M = 1.30 
-00.6 -1.066 -0222 
-01.6 -1.113 ~0222 
-03.9 -0.932 -0223 
-00.5 -1.099 .0222 
00.4 -1.119 -0222 
02.7 -1.092 a0222 
06.2 -0.801 -0223 
09.6 -0.887 e0223 
13.1 -0.726 a0224 



















































































TABLE I.- DAMPING-IN-PITCH DATA - Continued 
(a) Sharp cone with spher ica l  base; center  of moments a t  0.677d from model base; 


































































- 0 3 8 :  
e0371 
M = 0.80 
-01.3 -0.174 .032( 
-02.4 -0,297 .072 
-04.4 -0.369 .031' 
-01.5 -0.134 .032(  
-00.4 -0.216 - 0 3 2  
01.5 -0.115 .032( 
04.6 -0.171 -031 '  





































M = 1.00 
01.1 -1.781 -0256 
02.1 -1.437 -0255 
04.0 -1.241 a0257 
01.1 -1.369 -0256 
00.1 -1.429 -0256 
01.8 -1.553 -0254 
04.9 -1,690 a0256 
08.0 -1.509 a0256 
11.0 -1.193 -0257 
17.3 -1.105 .025t 
14.2 -1.033 .025t  



















:*,:: 1-1.109 - .097
M = 1.2C 
11.2 -1.152 
12.0 -0.822 

















M = 1. )C 














- 0 2 3 6  
a0237 
,0236 
~ 0 2 3 6  





- 0 2 3 7  









- 0 2 1 9  
- 0 2 1 7  








- 0 2 0 9  
.0208 
- 0 2 0 7  
-01.3 -1.011 ~ 0 1 7 '  
.00.4 -1.116 e0171 
01.5 -1.102 - 0 1 7 '  
04.6 -1.087 -0181 
07.5 -0.584 -0181 
10.6 -0.689 .0181 
13.6 -0.828 -0181 
16.6 -0.864 1 ~ 0 1 7 '  
M = 1.90 
.01.1 -1.080 .016( 
.02.2 -0.988 ,0161 
.04.2 -0.824 ~ 0 1 6 .  
.01.1 -0.995 ,015' 
00.0 -1.000 m015' 
01.7 -1.006 -015 '  
04.7 -0.638 ~ 0 1 6 1  
07.8 -0.775 -0161 
10.8 -0.760 a0161 
13.8 -0.696 -0161 
16.5 -0.901 no161 

























- 0 1 4 '  
-0141 
~ 0 1 4 1  
,0141 
-0141 




TABLE I.- DAMPING-IN-PITCH DATA - Continued 











17 .1  













. 120!  
.120;  
. l l 8 f  
.120[  
. 12o t  
. 120 ;  
-1192 
. I217  
. 1 2 1 $  
.17 
M = 0.65 
.01.0 -0.681 -0471 
.01.9 -0.728 .047I 
.03.9 -0.772 00471 
.01.0 -0.698 .047!  
00.0 -0.677 .047-  
01.9 -0.678 ~ 0 4 7 1  
04.9 -0 .760  -0471 
07 .9  -0.820 .047f  
10.9 -0.714 .047-  
13 .9  -0.632 . 0 4 7 -  
17.0 -0.62R - 0 4 7 .  
M = 0.80 
00.9 -0.755 -0991 
02.0 -0.872 -0391  
03 .9  -0.867 - 0 3 9 1  
01.0 -0.789 -0391  
00.0 -0.740 .039;  
01.9 -0.814 - 0 3 9 :  
05.0 -0 .875  - 0 3 9 :  
07.9 -0.876 a0391 
10 .9  -0 .730  ~ 0 3 9 1  
13 .9  -0.710 e0391 
17.0 -0.686 -0391 














-1 .05t  
-1 .07 '  
-1.03( 
-1.10. 






~ 0 3 5 1  
- 0 3 5 :  
a035 :  
. 035 :  
, 0 3 5 :  
. 035 :  
-0351 
m03E.t 
- 0 3 5 .  
a035 '  
-00.7 
-01 .7  
-03.6 





11 .4  
14.3 
17 .3  
15.2 
16 .3  






















08.3 -1 .703  
11 .3  -1.742 
14.4 -1 .193  
17.4 1-0.775 
-00 .7  












-03 .5  
.00.7 







M = 1 .20  
.031E 
.Ol lE  
-032C 
- 0 3 1 5  
- 0 3 1 6  
- 0 3 1 5  
. 0 7 2 1  




. 0 3 i e  
. 0 3 i e  
- 0 2 9 2  
e 0 2 9 2  
- 0 2 9 5  
- 0 2 9 4  
.O2Q2 
- 0 2 1 3  
0 0 2 9 4  
- 0 2 9 6  
- 0 2 9 6  
- 0 3 0 1  
- 0 3 0 6  
-1.176 -0276  
-1.101 - 0 1 7 7  
-0.898 - 0 2 7 5  
-1.176 - 0 2 7 6  
-1.216 e0276  
.1 .314 -0277  
.0.842 .02PC 
-0.751 .O282 
.0 .788 -02R5  
.0.815 .O2Rl 
-0.762 - 0 2 8 9  
= 1.30 
-1 .046 .026?  
.0 .805 a 0 7 6 3  
.0.787 - 0 2 6 4  
.0.939 e0262  
.1 .083 - 0 2 6 4  




-0.811 a0272  
-0.572 .n205 

































16 .7  
-0.522 .0225 
-0.522 .021c 
-0.46G .023(  
-0.611 .023(  
- 0 , 6 3 3  .022C 
-0.670 -0225  
-0.958 .027(  
-0.507 .0211 
-0.471 .0211 
- 0 , 5 1 2  .0271 
-0.547 ,027L 
= 1.90 
-0 .283 .020 t  
-0.401 .C20L 
-0.542 .020 t  
-0.416 - 0 2 0 :  
-0.486 60201 
-0.559 .020 '  
-0.897 .020:  
-0.512 . 0 2 0 i  
-0.549 . 0 2 @ i  
- 0 . 5 5 6  - 0 2 O t  
-0 ,606  .020C 






















0 0 1 9 1  
18 
TABLE I.- DAMPING-IN-PITCH DATA - Continued 
( f )  Blunt cone w i t h  f l a t  base; center  of moments a t  0.445d f rom model base 











M = 0.25 
-0.556 -0242  
-0.497 . 0 ? 4 i  
-0.361 . 0 2 4 ?  
-0.556 - 0 1 4 i  
-0 .468 -0242  
-0.668 e0242 
-0.539 a024 '  
-0 .271 -0245  
-0.300 .024f: 
-0.303 -0246 













- 1 3 1 4  
. I 3 2 1  
- 1 3 2 3  
- 1 3 2 3  
e 1 3 2 3  
~ 1 3 2 1  
- 1 3 2 2  
. I 3 2 0  
a 1 3 2 0  
- 1 3 2 2  
- 1 7 3 0  
- 1 3 2 1  
. u 5 1 9  
.0518  
.051R 
, 0 5 1 8  
- 0 5 1 8  
e 0 5 1 9  
- 0 5 2 1  
- 0 5 2 1  
a 0 5 2 7  
a 0 5 2 5  
.052n  
-0.373 








-0 .259  
-0 .143  
-0.160 



























0 0 . 7  
02.8 
06 .0  
09.2 
12.4 





03 .5  
00.4 
00.5 
02 .6  




1 .6  
0.700 037; 
0.7481 :037; 
-0 .688 - 0 4 2 8  
-0.672 - 0 4 2 1  
-0.707 - 0 4 2 6  
-0.695 a0424 
-0.701 .0425 
-0.666 -0424  
-0.690 - 0 4 2 5  
-0.699 -0426  
-0.675 .0427 
-0 .689  -042 '  
-0 .700 ~ 0 4 2 f  
0 .842  
0 .785  
0 .757  













- 0 3 7 5  













c 1 . z  
on.? 
M = 1.00 
-1.111 . w 3 7  
-1.076 , 0 3 3 6  
-0.996 - 0 3 3 9  
-1.054 .033n 
-1.082 .0335  
-1.184 , 0 3 3 8  
-0.892 - 0 3 3 7  
-1.104 - 0 3 3 9  
-1.943 , 0 3 4 4  
-1 .599  - 0 3 4 2  
-2.698 - 0 3 5 7  
- 0 , 1 2 8  m0360 
C.857 - 0 1 6 5  
M = 1.10 
00.1 -1.085 - 0 3 1 0  
01.1 -1.100 . 0 3 1 0  
03.4 -1.023 .0311  
00.1 -1.207 - 0 3 1 0  
11.4 -1 .273  - 0 2 6 8  
03.0 -1.192 .0309  
06.1 -1 .042  , 0313  
09 .5  -1 .280  - 0 3 1 4  
12.8 -1.651 - 0 3 1 5  
16.1 -1.718 a 0 3 2 7  
18.9 0.C98 .0735 
17.2 -0.258 - 0 3 3 1  
18.1 0 .847  .0337  


























-0 .893  







M = 1.30 
0.775 
0 .710  
0.637 
0 .831  
0.876 
0 .747  
0.544 
0 .453  
0 .480  
0.422 
0 .460  
- 0 2 8 9  
- 0 2 9 0  
- 0 2 9 2  
- 0 2 8 9  
, 0 2 8 9  
a 0 2 9 1  
, 0 2 9 4  
- 0 2 9 6  
, 0 2 9 8  
.0302  
e 0 3 0 5  
a 0 2 7 4  
- 0 2 7 h  
- 0 2 7 7  
- 0 2 7 5  
a 0 2 7 5  
- 0 2 7 7  
- 0 2 7 9  
.0282  








02 .7  
05.6 
08.7 
11 .7  





























0 .246  
0 .715  
0 .152  
0.190 
0 .236  
o . i i n  
.021 '  
. 021 '  










a 0 2 0 3  









TABLE I.- DAMPING-IN-PITCH DATA - Continued 







06 .8  
10.0 
06.1 














































00 .5  
01 .5  
04.0 



















-0.999 - 0 3 2 4  
-1.040 - 0 3 2 3  
-1.098 - 0 3 2 4  
-0.985 a 0 3 2 4  
-1.048 - 0 3 2 3  
-1.115 - 0 3 2 5  
-0.917 - 0 3 2 6  
-1.117 - 0 3 3 0  
-2.707 - 0 3 3 4  
-1.361 - 0 3 2 8  










0 .034  
0.066 
-0.456 - 0 5 0 6  
-0.449 .0507  
-0.476 - 0 5 0 3  





a 1 3 0 1  
.13OC 
.129?  
- 1 2 9 5  
- 1 3 0 t  
-1296  
.13OC 
00 .6  -0.998 
01.7 -1 .115  
04.0 -1.205 






-14.5 2 .638  












- 0 3 0 0  
- 0 3 0 1  
, 0 3 0 1  
- 0 3 0 1  
- 0 3 0 1  
- 0 3 0 1  
- 0 3 0 4  
- 0 3 0 5  
.0310  
- s o 3 1 3  
- 0 3 0 5  









1 3 . 2  











- 0 4 0 4  
- 0 4 0 5  























- 0 5 0 8  




- 0 3 5 9  
- 0 3 5 8  
m0351 
.0359 
- 0 3 5 9  
- 0 3 5 8  
-036C 
-036C 













-1.079 .0273  
-0.983 , 0 2 7 4  
-0.881 - 0 2 7 6  
-1.072 - 0 2 7 4  
-1.098 - 0 2 7 6  
-0.728 - 0 2 7 9  
-0.805 - 0 2 8 2  
-1.195 - 0 2 8 6  
-1.036 - 0 2 8 5  





















- 0 2 6 1  
- 0 2 6 1  
-026 :  
- 0 2 6 1  
-0262  
.026? 
a O 2 6 t  
. 0268  
- 0 2 6 9  
- 0 2 6 9  
M = 1.60 
00.8 
02.0 





19 .7  
00.9 
02.1 

















~ 0 2 3 t  




- 0 2 1 4  
- 0 2 1 3  
.0212  
~ 0 2 1 3  
- 0 2 1 3  
- 0 2 1 3  
- 0 2 1 3  
- 0 2 1 4  
.0214 
. o i s e  
.o19e 
.oise 









T A B U  I.- DAMPING-IN-PITCH DATA - Continued 
( h )  Blunt cone with spherical  base; center of moments a t  0.562a from model base, 
~ 














03 .9  
00.9 
00.0 
01 .9  
04 .9  
07.9 
10 .9  
13.8 
16.9 
00 .9  








13 .8  












M = 0.25 
0 .646  - 1 1 8 ;  
0 .803  .118(  
0 .364  -119f  
0 .730  -118L 
0 .608  ml18: 
0 .572  a1191 
-0.351 .118r  
0.888 .I185 
0.460 -120 :  
0 .092  - 1 1 9 i  
-0 .171 .119 t  
= 0.65 
0.462 - 0 4 8 :  
0.310 .048: 
0 .387  -048 '  
0.501 ~ 0 4 8 :  
0 .462  .048:  
0 .595  e 0 4 8 1  
0.615 .0481 
0.710 , 0 4 8 1  
0 .158  .047E 
-0 .377  m0474 
-0.565 .047?  
= 0.80 
-0 .176  mO4OC 
-0 .145  .039s 
-0.023 e0401 
-0 .203  .040C 
-0 .091  .039€  
-0 .011  a0395 
0 .007  -0395  
-0 .203  -0397  
-0 .480 - 0 3 9 5  
-0 .680  -0396  
-0 .729  .039?  
M = 0.90 
-0 .646 .035f 
-0 .699 -0357 
-0.689 -0357 
- 0 . 6 6 6  .035E 
-0 .683 -0357  
-0.662 - 0 3 5 t  
.0.844 - 0 3 5 t  
.0 .807 -0356  
-0.813 -0357  
.0.840 e0358 
.0 .913 .0357 
M = 1.00 
-00.8 -0 .943  
-01.7 -1.024 
-03.7 -0 .962  
-00.7 -1 .004 
00 .1  - 1 , 0 0 8  
02.1 -1.154 
05.2 -1 .411  
08.1 -1.300 
11.4 -1 .725  
14 .3  -3 .048  
17.1 -1.364 
M = 1.10 
-00 .7  -0 .993  
-01.6 -1 .024 
-03.7 -0 .947  
-00.7 -1 .043  
00.2 -1.078 




14 .3  -1 .793  
17.3 -0.274 
M = 1.20 
-00.8 -0.785 
-01.9 -0 .711  
-03.6 -0 .673  
-00.7 - 0 , 7 5 3  
02.0 -0 .791  
05.1 -0 .584  
00.1 -0 ,762  
08.1 -0.747 
13.6 -0 .671  
1 6 . 1  -0.668 
M = 1.30 
-00.8 -0.520 
-01.8 -0.506 
-03.6 -0 .431  




07.6 -0 .510  
10.5 -0 .580  
13.1 -0 .586  
15.8 -0 .667  
10.8 -0 .735  
M = 1.60 
00.9 -0.328 .0221 
01.9 -0.445 .022' 
03.6 -0 .319  .023( 
00.9 -0.280 -022 '  
00.0 -0.328 . O Z Z '  
01.8 -0.364 .022 '  
04.5 -0.536 m022' 
07.4 -0.335 -0231 
10.2 -0 .313  .023  
12.8 -0.437 - 0 2 3 .  
15.5 -0.506 - 0 2 3 .  







04.7 -0 .463  
D7.6 -0 .316  
10 .4  -0.452 
13 .1  -0.463 
15.9 - 0 , 4 5 7  
























. 019(  
e0191 
. o l e '  
.018 '  
. o l e '  






TABLE I.- DAMPING-IN-PITCH DATA - Continued 
center of spherical  base a t  0.445d 









1 1 . 7  
14.7 


















0 .396  
0.001 













0 . 2 5 2  
0.259 
0.359 




-00.4 0 .014  
00 .5  0.032 
02.6 0.033 
05.8 0.001 
08.9 -0 .251  
12.1 -0.400 
15.3 -0.458 
18.6 -0 .461  
M = 0.90 
- 1 2 9 9  
- 1 2 9 3  
- 1 2 9 1  
- 1 3 1 5  
a 1 3 0 0  
- 1 2 9 3  
- 1 2 7 7  
- 1 3 1 4  
e 1 3 0 5  
- 1 2 9 0  
. I 2 9 8  
- 0 5 1 6  
.0513  
a 0 5 1 5  
- 0 5 1 3  
- 0 5 1 4  
- 0 5 1 2  
a0512  
- 0 5 1 1  
. 0510  
a 0 5 1 0  
. 0 5 1 0  
- 0 4 2 4  
- 0 4 2 0  
- 0 4 2 2  
- 0 4 2 1  
a 0 4 2 1  
- 0 4 2 1  
~ 0 4 1 6  
a 0 4 1 8  
m0418 
, 0 4 1 8  
. 0 4 i a  
0 .537 a 0 3 7 3  
0.564 0 0 3 7 3  
0.605 e 0 3 7 3  
0 .528  - 0 3 7 4  
0.527 .0373  
0.526 .0374  
0 .578  - 0 3 7 6  
0.590 - 0 3 7 4  
0.618 - 0 3 7 4  
0 .685  a 0 7 7 5  
0 .651  - 0 3 7 7  
M = 1.00 
00.0 -0.746 - 0 3 4 0  
.01.2 -0.760 a0342  
.03.3 -0.815 ~ 0 3 4 1  
00.8 -0 .763 - 0 3 4 0  
03.0 -0.836 - 0 3 4 1  
06.3 -0.835 - 0 3 4 1  
09.5 -1.056 - 0 3 4 0  
13.0 -1.969 - 0 3 4 2  
15.9 -2.891 - 0 3 5 5  
19.0 -0.190 - 0 3 5 9  
18.0 -0 .256 e0359  
.on.i -0.793 .0341 









12 .8  
16 .1  
19.1 













M = 1.20 
- 0 3 1 1  
.0311  
- 0 3 1 0  
a 0 3 1 0  
- 0 3 1 1  
- 0 3 1 1  
, 0 3 2 1  
- 0 3 2 8  
e 0 3 2 6  
00. I 














12 .1  
15 .1  
18.1 
-0.678 - 0 2 9 1  
-0.609 a 0 2 9 1  
-0.618 -0292  
-0.698 -0293  
-0.621 e0297 
-0 .405  -03OC 
-0.434 -0302  
M = 1.50 
,0 .511 










- 0 2 7 6  
- 0 2 7 6  
.0277  
- 0 2 7 6  
a 0 2 7 7  
- 0 2 7 7  
- 0 2 7 7  
a 0 2 7 9  
.0280 
. 0281  
~ 0 2 8 3  
M = 1.60 
00.3 -0 .363  - 0 2 4  
01.4 -0.297 - 0 2 4  
03 .3  -0.479 - 0 2 4  
00.6 -0.355 - 0 2 4  
02.6 -0.361 - 0 2 4  
05.6 - 0 , 5 1 9  - 0 2 4  
08.6 -0.296 - 0 2 4  
11 .6  -0.405 - 0 2 4 ,  
14.5 -0.326 - 0 2 4 '  
17.5 -0.437 , 0 2 4 '  
M = 1.90 
00.1 -0.268 - 0 2 1  
01.2 - 0 , 2 5 6  e 0 2 1  
03.1 -0.262 , 0 2 1  
00 .7  -0.304 e 0 2 1  
02.7 -0.324 m021 
05.8 -0.455 - 0 2 1  
08.7 -0 .273  - 0 2 1  
11.6 -0.336 - 0 2 1  
14.7 -0 .373  - 0 2 1  
17 .6  -0.299 - 0 2 2  
M = 2.20 
00.4 -0.352 .024 
00.2 -0.285 .021 


































TABLE I. - DAMPING-IN-PITCH DATA - Concluded 
(j) Blunt cone with spher ica l  base; center  of moments a t  o.328d from model base, 












M = 0.25 
00.1 0.002 a131 
00.8 -0.034 -131 
02.8 -0.068 .13C 
00.1 0.040 -131 
01.1 -0.071 -132 
03.1 0.035 -131 
06.2 -0.073 -131 
09.2 -0.139 -13c 
15.7 -0.111 .13( 
12.3 -0.114 .131 
18.4 -0.178 .12! 
















































































.0.210 - 0 5 0  
M = 0.80 
-0.078 - 0 4 0  
-0.092 e 0 4 0  




















































-0.763, .032(  













M = 1.2C 
00.5 -0.642 
-00.7 -0.672 













































































































TABLE 11.- STATIC STABILITY DATA 
(a) Sharp cone w i t h  f l a t  base; center  of moments a t  0.677d from model base 
- .0172 
- .0129 
- n o 0 8 8  
- . 0066  

















02 .9  
05.7 
11.9 
14 .9  
17 .9  
oa.9 









-0 .116  0 .347  ,3544  
-0.C68 0.337 a3621  
-0 ,041  0.342 - 3 5 0 4  
0.C63 0.342 - 3 3 8 7  
0 .142  0.330 ~ 3 5 4 4  
0.243 0 . 3 4 4  .3544 
0 .362  0.322 .3662 
0.470 0 .309  a3811  
0.603 0.309 - 4 1 5 8  
- .0093  -0.095 0 .365  
- .0042 -0.:37 0.365 
- .0039  -0.010 0.366 
.0059 0 . 3 8 3  0 .366  
.0111  0 .170  0.367 
.0154  0.270 0 .363  
,0214  0 . 3 6 1  0 .356  
.p250 0.455 0 .346  
.C321 0.549 0.337 
.349? 
~ 3 4 9 4  
~ 3 4 2 5  
- 3 5 1 5  
-360C 
- 3 6 2 5  
- 3 7 4 5  
.3957 
-4226  
- .0061 -0 .096  0.393 
- .0026 -0 .036  0.391 
- .go22  -0.CO5 0.391 
.OC42 0 .092  0 .394  
.GO63 0.190 0.391 
.0105 0 .289  0.386 
.0126  0.31?6 0 . 3 6 3  
.0169 0 . 4 8 3  0 .374  
- 0 2 1 5  0.581 0.366 
15.2 
18.3 
- 3 4 9 5  
- 3 4 9 1  
.3512  
- 3 4 9 1  
,3503  
a 3 6 0 6  
- 3 7 6 0  
.4040  
- 4 3 2 6  
.0003 0 .46 t  





- s o 0 2 0  
- a 0 0 4 2  
- a 0 0 6 3  
- a 0 1 0 2  















































-0 .04 i  








- 0 0 0 9  
-moo15 




- 0 0 3 4  
- 0 0 6 3  
- a 0 0 1 9  
- .0010 
-.0015 
- a 0 0 3 9  





-02.8 - . no42  -0 .089  0 . 4 4 2  
-00.9 - .0031 - 0 , 0 3 0  0.435 
00.1 - a 0 0 2 5  C.002 0 . 4 3 9  
03.0 .0016 0 .597  0 .444  
06.1 - 0 0 3 1  0.198 0.440 
09.1 a 0 0 5 1  0 .297  0.410 
12.1 - 0 0 6 6  0 .396  0 .429  
15.0 ,0077 0.496 0.420 
18.0 - 0 0 9 1  0.606 0 . 4 0 8  
M = 1.20 
.3497 
e3559  
- 3 5 0 1  
- 3 4 6 9  
- 3 5 4 4  
- 3 6 9 4  
0 3 8 0 1  
. 3989  




0 .099  





M = 1.: 
.02.1 - a 0 0 4 5  -0.080 
.00.7 - e 0 0 3 1  -0.023 
03.1 - .0010 0.102 
06.2 moo08 9.196 
09 .2  -0021 0.293 
12 .2  - 0 0 3 3  0.392 
15.2 sCC42 0.404 
1 8 . 2  -0040 0.601 







0 .407  
0.513 
0.629 
M = 1.60 
0 . 7 1 9  - 5 2 1 4  
0 .717  ,5250  
0 .711  m5212 
0.700 - 5 2 3 6  
0.705 ,5305 
0.700 a5562  
0 . 7 0 1  a5886  
0 .696  - 6 1 7 9  
0 .719  .525e 
-02.6 - a 0 0 4 6  
.00.7 -.0038 
00.3 - s o 0 3 6  
03.2 - 0 0 0 7  
06.2 - a 0 0 1 2  
09.3 - 0 0 0 3  
12.3 a0003  









- . 0011  
e0005  
- .0012 
- e 0 0 2 5  
- s o 0 4 1  








- a 0 0 3 5  
-moo62 




































0 .578  














0 . 4 0 1  
0.390 











0 .34 :  
0 .745 
0.354 
~ 3 7 9 0  
.3841  
.3885  
- 3 8 0 0  
e3868  
- 4 0 8 7  
a4265  
a4519  
- 4 8 7 0  









- 2 7 9 1  
.279E 




- 3 0 7 2  
.3235 
- 3 4 7 4  
.2251  
a2302  
- 2 3 7 9  
- 2  3 6 6  
.23?2 
.2377 
- 2 4 8 6  
- 2 6 0 5  
- 2 6 9 5  
- 1 9 3 1  
.198(  
, 2 0 4 ;  
a1952 
.195f  
- 1 9 9 5  
- 2 0 3 4  
0 2 0 7 4  
.20n1 
24 
TABU 11.- STATIC STABILITY DATA - Continued 
center  of spher ica l  base a t  0.67713 
(b)  Sharp cone with spher ica l  base; center  of moments a t  0.677d from model base, 




- 0 2 4 7  
~ 0 4 3 8  
- 0 5 5 6  
- 0 6 7 2  
- 0 9 2 5  























08 .9  
12 .0  
14 .9  
17.8 




























-0.127 0.321 - 3 4 6 5  
-0.068 0.326 e3465  
-0 .048  0.335 - 3 4 6 5  
0.055 0.340 - 3 4 2 6  
0 .144  0 . 3 3 0  - 3 5 0 4  
0.223 0 .333  ,3585  
0.296 0.337 - 3 6 6 2  
0.380 0.335 - 3 8 9 8  
0.461 0 .738  - 4 1 8 2  
M = 0.25 
. 0009  
.OOOO 
- 0 0 0 7  
- 0 0 3 8  
- 0 0 2 8  
.0031 
, 0043  
.006@ 
- 0 0 8 2  
-0 ,097  0 . 6 1 1  .384 
-0.033 0.616 .38€  
0.001 0 .615  .39!  
0 .099 0.609 -383  
0.199 0 .624  .39 t  
0.298 0.635 ,422 
0 .395  0 .641  .43!  
0 .494 0 .644  ,455 
0.604 0.650 e486 
- e 0 0 7 1  -0.091 0.362 
- a 0 0 3 3  -0.033 0 . 3 6 4  
- .0021 -0.003 0 .365  
moo63 0.084 0.367 
- 0 1 2 1  0.175 0.365 
- 0 1 8 2  0.265 0.365 
a 0 2 6 9  0.350 0.361 
~ 0 3 4 5  0 .435  0.357 
- 0 4 7 6  0 .509  0.347 
m3627 
e3581  
- 3 5 5 2  
a 3 5 9 1  
- 3 6 5 2  
- 3 7 1 8  
~ 3 9 1 2  
- 4 1 0 2  
- 4 2 6 3  
.364a 
- 3 6 5 7  
,3608  
- 3 6 2 5  
- 3 6 7 3  




- .0011 -0.099 0.576 
,0009  -0.035 0 . 5 8 1  
.0009 -0.003 0 .581  
- .0011  0 .098  0 .574  
- .0044 0.202 0.586 
- .0065  0.306 0.598 
- a 0 0 6 9  0.406 0 .603  
-moo53 0.512 0.610 
-moo39 0.628 0.620 
I M = 1.00 
,356 




- 3 9 2  
- 4 0 1  
- 4 2 3  
,444 
' a 0 0 5 3  
' ~ 0 0 3 8  
' ~ 0 0 3 2  




- 0 0 7 3  
- 0 0 7 6  
a0070  






- a 0 0 2 3  







0 .787  
0 .486  
0 .593  
M = 1.10 
-0.112 0.465 








.a0058  -0.O8C 
- a 0 0 4 6  -0.024 
- .0049 0.005 
.0053 0.087 
.0051  0.18C 
,0052  0.27C 
e0046  3.163 
,0045 0.455 
,0034  0.55e I 
.0043 
- 0 0 6 8  
- 0 1 1 8  
,0173  
.0241 






0 . 7 1 9  
0.715 
0 .707  
0.701 
0.093 0 .400  ~ 3 6 2 9  
0 .189  0.395 - 3 6 2 2  
0 .284  0.391 - 3 7 0 8  
0.375 0 .389  ,3992  
0 .468  0.383 e4190  















- 0 0 4 3  0.195 
- 0 0 6 9  0.293 
- 0 0 9 5  0 .387  
.0145 0.485 
.0183  0.584 
.5453 
.5353 








0 .444  
0.442 
0.448 
0 .444  




- 4 0 3 5  
e3840  
- 4 0 2 3  
.3752 
- 3 9 8 6  
.4142 
.43c5  
- 4 5 2 4  
.473H 1 
- 0 0 1 2  -0.091 
,0016  -0.030 
- 0 0 1 4  -0.001 
- 0 0 1 2  0.097 
- 0 0 0 1  0.192 


































12 .1  
15.1 
18 .1  
0 . 3 9 3  
0 .406  
0.408 
0.396 
0 .399  
0 , 4 0 3  
02.3 
00.2 









- a 0 0 1  
- a 0 0 1  
- .005 
- .009 
- a 0 1 3  
- .016 









0 .667  
-.0050( a 0 0 8 5 0.4071 524 0 .4101  8 
- a 0 1 0 5  0.650 0.432 
M = 2.20 
0.331 
0.341 
















- 2  36 
a243  
- 2 5 0  
e244  
.234 














-.C175 - 0 . 1 3 0  
- . 0 1 6 @  -0 .041  
- .oca4  -9.021 
. n o 8 3  0.073 
.016t .  : . : 4 5  
.0266 0.2?'7 
.0410 0.337 
,3556  0 . 3 e 7  
. 0745  0.446 
TABU 11.- STATIC STABILITY DATA - Continued 
( e )  Blunt cone with f l a t  base; center  of moments a t  0.445d f r o m  model base 
" 2 9 9  
0.?18 
3 . 3 1 5  
0.317 
0 . 3 1 5  '. 317 
0.33? 
0 .309  
0.30? 
33.0 


























- a 0 0 8 5  
- . 0045  
.CO77 
.e141  
- 0 2 0 3  
.0L55 
. 0 2 8 0  
.con/, 
. c r a z  
M = C . 2 5  
-0 .096  
- 0 . C 2 P  
0 .110  
0.219 




0 .657  
0 .658  





0 .100  






- 3 8 8 6  
-411C 
.43se  
- 4 6 5 8  
- 5 0 3 2  
.334t 
. 3 1 e o  
. 3 1 C H  
. 3 1 ? P  
.35Olr  
. 3 x ' 8 7  




. 3 4 ,  
.?425 
.14 1 2  
.?4@3 
.3494  
- 3 6 7 6  
A 9 3 3  




- 0 0 5 3  C.OP6 
.0160  0.170 
. $253  0 .257  
. 0 3 7 -  c . 3 4 3  
.0447 O . ' , = r  
.0552 0 . : c3  
M = 0.80 I 
o.?;! 
9 .367  
0 .367  
3 . :65  
0 .359  
0 . 3 5 4  
0 . 3 5 3  
0 .349  
0 . 7 4 7  
- .0097 -0.092 0.373 .3473 
- .0044 . ~ 2 6 1 - ~ . 0 0 o /  0.031 0.397 O .  7 1  .3442 5 1 /  
. n 0 7 7  .3-4 0.194 .3499 
- s o 0 5 6  
- .0037 
-.GO15 
- 0 0 1 3  
- 0 0 5 4  
- 0 0 6 7  
-0C97 
mol28 
- 0 1 3 1  
-0.100 0.651 .3491 
- e a 0 3 2  0.648 .3496 
0.007 0 .648  e 3 4 8 6  
0.1G5 0.650 - 3 4 8 1  
0.21R 0 .663  - 3 6 1 2  
0.33h 0 .682  ~ 3 8 4 6  
0.442 0.698 . 4 0 6 i  
0.54E 0 .716  .427 t  










02.9 - .0079  -0 .089  0.441 
00 .8  - .0043  -0.32') 0 .446  
0 0 . 1  .?a06 0 . 3 0 8  0 .447  
37.0 - 0 0 7 2  0.103 0.448 
06.1 .0163  0 .202  0 . 4 5 0  
00.1 . 0261  0.301 0 .456  
12.1 - 0 3 6 0  0 . 4 0 1  0 .457  
15 .1  - 0 4 2 6  -. ' .?? 0 .444  
18.1 - 0 4 9 2  0 . 6 1 0  0 .426  
- 3 ' 1 9 0  
- 3 4 3 5  
- 3 5 1 1  
- 3 5 4 0  
- 3 6 3 0  
a3689  
- 3 9 0 5  
.4123 
- 4 4 4 3  












06 .0  
00.2 
1 2 .  I 
15.1  
18.2 
- c o . 7  










- 0 0 . 8  


















- .0012  
- s o 0 2 6  
- .0044 
- .0048 
- a 0 0 6 4  
- a 0 0 8 3  
- s o 1 0 9  
-.oo14 
- 0 . 0 8 0  3.572 - 2 3 4 6  
0.007 0 .574  .2312 
0.795 0.576 - 2 3 8 2  
0.191 0 .579  ~ 2 4 0 4  
0.282 0.583 .2435 
0.374 0 .592  .2481 
C.470 0 .604  - 2 6 2 1  
0.565 0.618 - 2 7 0 4  
-0.924 0 .574  .2342 
32.7 -.')?IO -0 .078  
3'3.7 -e0049 -0 .019 
30.2 ~ 0 0 0 5  0.013 
33.2 - 0 0 9 4  0 .106  
36.2 a 0 2 0 0  0.199 
39.2 a0336  C.2Sa 
12.2 .C4b? 0 .392  
15.2 - 0 5 0 8  0.5'30 
18.3 - 0 4 9 0  0 .644  
0.718 .506a 
0 . 7 2 3  ~ 5 1 6 4  
0.721 .4968 
0 .719  .5192 
0 .715  .5300  
0 .721  - 5 3 6 0  
0.716 - 5 5 7 0  
0.706 .5874 
0 .704  a6212  
moo07 
- 0 0 0 6  








- a 0 0 4 6  
- .oc14  
.0074 
.n lM4  
a0299  
- 0 4 2 7  
,0445 
. n 5 1 1  
-0.104 
-c.'345 




0 .392  
0.493 
0 .601  
-0.080 0 . 7 1 9  .3771  
-0 .023  0.716 - 3 8 0 5  
0.010 0 .718  .3773 
O . C ? 7  0 .715  .3718 
0 . 1 8 3  0.716 - 3 8 1 9  
0 .272  0.718 - 3 8 7 5  
0.367 0.711 - 4 0 8 4  
0.601 0 .718  . i 1 q 7 1  
0 .470  0 .709  .4452 
0.611 
0 .612  





0 .658  
0.676 
- 2 9 0 :  
- 2 8 6 1  
.2875 
.2873 
- 2 9 1 5  
m3004 
,3133 
- 3 3 2 1  
. ? 5 1 1  
.ooo: 
- . 0 0 1 i  
-0004 
- . n o 2 i  
-a0041 


















0 .54?  
0.54C 
0 .543  
0 . 5 5 1  
0.565 
0 .575  
- 
- 1 8 8 1  
.193E 
.1976 
. 1 9 8 t  
.2001 
a1971  
- 1 9 8 5  
- 2 0 2 4  
- 2 0 6 8  
- 
26 
TABLE 11.- STATIC STABILITY DATA - Continued 
center  of spherical  base a t  0.562d 
(d )  Blunt cone with spher ica l  base; center  of moments a t  0.445d from model base, 
-moo78 
-.0030 
- 0 0 0 6  
. 0080  
- 0 1 4 0  
- 0 1 9 9  
- 0 2 7 1  
- 0 2 5 9  
- 0 2 3 7  
I M = 0.25 
-0 .099  0 . 6 6 2  
-0.032 3.657 
0.005 0 .554  
0 .114  0 . 6 6 1  
0 . 2 2 2  0.676 
0 . 3 3 2  0 . 6 9 3  
0 . 5 5 0  0 . 7 2 3  
0.662 3 .737  










0 .304  
0 . 3 2 3  
0 . 2 7 6  
0 . 7 3 9  
0 . 3 2 1  
0 .319  
0 .327  
0.339 





05 .9  




- 3 5 8 0  
, 3 4 2 6  
.3426 
. 4 n R P  
e 3 6 9 5  
0 3 8 1 1  
, 4 2 0 5  









14 .9  
17.9 
02.9 
00 .8  
00.1 
02.9 













18 .2  
02.8  
00 .7  
00.3 
03.2 






m o l 6 5  
- 0 2 6 5  
, 0 2 2 5  
- 0 3 1 9  
- 0 3 8 5  
. 0 3 3 1  
- . 0 0 3 1  -0 1 2 0  
- . p q 7 I l  - 0 : 0 6 1 1  
-".?,35 
0.049 
0 .115  
0 . 2 3 0  
0.328 
0 . 4 2 2  
0.528 
- e 0 0 5 1  -0.106 
- a 0 0 3 0  -0.036 
- .0011 0 .001  
a 0 0 1 9  0 .111  
a 0 0 4 2  0.222 
- 0 0 5 9  0.336 
- 0 0 8 2  0.446 
- 0 1 1 3  0 . 5 5 3  
0 . 6 5 7  
0 .652  




0 .699  
0.716 
I M = 0.65 
.0070 
e 0 1 7 5  
.0267 
, 0 3 4 1  
- 0 4 2 1  
~ 0 4 8 3  
- .0103 -0.088 0.364 - 3 5 6 2  
- a 0 0 4 1  - 0 . 0 3 5  0.767 .3522 
-.PO19 I I I I  -0 .337  0 . 1 6 8  - 3 5 4 5  
0 . 2 8 7  0.769 m3545 
0 . 1 7 0  0.766 ~ 3 6 8 1  
0 . 2 6 :  0 .365  .3847 
0.348 0 . 3 6 1  - 4 0 6 7  
0 . 4 3 4  0.357 - 4 2 7 2  
0 . 5 1 9  0 .353  a 4 5 2 1  
-moo96 
- a 0 0 4 6  
- .0011 
- 0 0 7 9  
- 0 1 6 7  
, 0 2 6 1  
.0339 
- 0 4 2 9  
- 0 5 0 9  
-0.090 
-0 .033  
-0 .002  




0 . 4 7 9  
0 . 5 7 8  
- .0111 
- s o 0 4 1  
- 0 0 0 5  
.On86 
, 0 1 7 7  
e 0 3 0 4  
a 0 4 0 5  
e 0 4 8 7  
~ 0 4 1 6  
.02.9 .0013 -0.108 
00.9  moo17 -0.048 
00.0 .0?15 -0.013 
02.9 , 0 0 2 2  0 . 0 8 4  
05.9 - 0 0 1 6  0.186 
09 .0  - 0 0 0 4  0.289 
12.0 - s o 0 2 3  0.391 
15.0 - a 3 0 4 6  0 . 4 9 4  
18.0 - a 0 0 9 4  0.605 
-0.3 7 9  
-0 .022  
0 . 0 1 4  
0 . 1 0 2  
0 . 2 0 0  
0.296 
0.400 
0 . 5 2 3  
0 .654  
0 .612  
0 .616  
0 .617  
0 .614  
0 . 6 2 3  
0.629 
0 .639  
0 .654  
0.671 
0 .394  
0.799 
0 3 9 9  
0 .397  
0.796 
0 . 3 9 6  
0.401 
0 .194  
0 .392  
- .0095 
-moo30 
- 0 0 0 1  
- 0 0 6 5  
- 0 1 6 0  
- 0 2 5 8  
- 0 3 4 2  
- 0 4 1 4  
- 0 4 6 5  
- 3 6 1 2  




- 3 8 6 9  
~ 4 0 4 3  
. 4 3 5 h  
- 4 5 6 0  
-0.088 
-0 .326  
0.006 
0 .097  
0 .204  
0.303 
0.405 
0 . 5 1 2  
0 .622  
0 .446  
0 .445  
0 . 4 4 4  
0 .450  
0 .455  
0.456 
0 .457  
0.!+51 
0.'+35 
0 .713  
0 . 7 1 3  
0 . 7 1 2  
0 . 7 0 3  
0 .725  
0 .724  
0.716 
0.709 
0 .707  
- 3 6 0 2  
.3577 
- 3 4 7 2  
- 3 6 3 1  
- 3 8 0 9  
- 4 0 1 7  
- 4 2 1 4  
- 4 3 6 2  
- 4 6 4 5  
03.1 
06.1 




M = 1.20 
- a 0 0 2 1  0 . 0 9 5  0 . 5 7 9  
- .0040 0.187 0 . 5 7 8  
- .0047 0 . 2 8 1  0 . 5 8 1  
- s o 0 6 9  0 .376  0 .590  
- m o l 0 8  0 .474  0 .601  





06 .2  













-0 .079  
-0 .025  
0 .007  
0.093 
0.186 
0 . 2 8 0  
0.370 
0.479 
0 .607  
0.717 .382'3 
0 . 6 9 8  - 3 7 1 5  
0.715 , 3 7 5 7  
0.713 - 3 8 9 7  
0 .721  - 4 0 6 2  
0.717 - 4 2 9 6  
0.716 .43hd 
0 .712  - 4 6 7 2  
0 .715  - 4 9 6 8  
m010h~ 0.6671 0.7411 
.02.9 1 .0008(-0 .082l  0.5751 
,00.8 - .0015 -0 .025  0.576 

















- 5 0 2  
.444 





~ 4 0 9  
- 4 3 0  
a466 
, 3 6 0  
.288 
.293 
- 2 9 3  
e 2 9 4  
- 2 9 8  
.310 
a 3 2 3  
.335  
.353 
- 2 3 5  
, 2 3 9  
, 2 4 0  
0 2 4 2  
, 2 4 1  
- 2 4 7  
- 2 5 0  
.257 
.273 
TABLE 11.- STATIC STABILITY DATA - Continued 
( e )  Blunt cone with spherical  base; center  of moments a t  0.445d from model base, 
center of spher ica l  base a t  0.445d 
.3308 
, 3 7 4 6  
.3?46 
- 3  346  
.3942  
.3585 
a 3 8 6 9  
.411rl 
.447? 





, 3 7 8 8  
.4015 
, 4 2 1 9  






















e 0 1 8 1  
e 0 1 6 9  
a 0 2 3 9  
a0317  
- 0 3 8 2  














0 .134  








































- s o 0 8 2  - 0 , 0 9 7  0 .667  . 
- e 0 0 2 6  -0.0211 0.659 
.O018 0.005 0.657 . 
, 0087  0.115 0 .664  
- 0 2 0 8  0.330 0.695 . 
~ 0 2 4 4  0.437 0.707 . 
~ 0 2 6 0  0.551 0.723 . 










- a 0 0 5 4  -0.10? 0 .662  . 
-.0032 -0.031 0 .657  . 
-.0011 0.001 0 .656  . 
- 0 0 2 8  0.lOF 0 . 6 6 0  . 
- 0 0 4 6  0.221 0 . 6 7 3  
~ 0 0 6 2  0 .334  0.692 
- 0 1 1 1  0 .552  0.716 
-0100 0 . 6 6 3  0 .739  
.0085 0.443 0 .700  . 
- s o 1 0 3  
- 0 0 0 7  
,0106  
* C 3 3 2  
*O446  
.0478 




- . 0039  
a 0 3 0 4  
.0091 
- 0 1 7 4  
- 0 2 6 8  
- 0 3 5 6  




0 .012  
0.106 
0 . 1 9 s  
0 .294  










0 .432  
0.510 
0.343 
0 .344  




0 .737  
0 .737  
0.31+4 
0.374 
0 .376  
0.376 
0.?76 
0 .?71  
0 . 3 7 4  
0 . ? 7 3  
0.364 
0.758 
-02.9 - 0 0 2 0  -0,108 0 .615  
-01.0 .0018 -0 .047 0.619 
00.0 - 0 0 1 5  -0.01? 0.618 
02.9 - 0 0 1 8  0.086 0 .616  
05.9 .0016 0.187 0 . 6 2 4  
09.0 .0001 3.287 0 . 6 2 8  
12.0 - a 0 0 2 3  0 .391  0.641 
15.0 - a 0 0 5 5  0 . 4 9 3  0.653 










0 .406  






0 . 5 9 3  
0 .453  
0 . 4 5 5  
0 . 4 5 4  
0 . 4 5 3  
0 . 4 5 3  
0.1.60 
0 .452  
0 . 4 5 0  
0.439 
.3615 
- 3 5 8 1  
- 3 5 6 4  
.3616 
- 3 6 3 4  
e 3 8 0 4  
-4013 
~ 4 2 8 5  
- 4 5 0 4  
0.723 
0.720 
0 . 7 1 9  
0.717 
0 .723  
0 .726  
0 .721  
0.707 





- 0 2 6 6  
.0348 
~ 0 4 2 1  
- 0 5 0 5  
.oon2 
0 3 6 0 4  
- 3 5 9 1  
.3558 
.3558 
~ 3 6 9 7  
.38@7 
0 4 1 6 6  
- 4 3 3 9  
.4L.91 
.51P2 




, 5 5 6 1  
.5757 
.5954 
~ 6 3 6 1  
-0.090 
-0.032 





0 .569  
-0.002 
I M = 1.10 
02.8 -.0012 - 0 . 0 8 0  0.580 
00.1 - 0 0 0 7  0.OCh 0.582 
.oo.8 .no03 -0 .026 0 . 5 8 1  
03.1 -.oo15 0 .094  0 . 5 8 3  
06 .1  - .no14 c .187  0.582 
09.0 - a 0 0 4 8  0.280 0.581 
12.1 -a0064 0 .375  0.591 
15.0 -.0097 0.467 0.600 









e 0 0 0 5  
.0099 
.0172 












0 .621  
- .no98 -0.079 0 .721  .3806 
-.0036 -0.L725 0.717 - 3 8 7 5  











.00?8 0.097 0 .717  .3?@1 
- 0 1 9 4  ,03011 0.185 o i 7 e l  0 .726 51 - 3 9 6 5  ..IT{ 
,0419 0 .371  0.715 .4?22 








- .@I5  
- .ni  1 
- 
- 0 1 9 4  0.185 






0 . 2 6 -  
0.351 
0.44' 
0 .53'  
- 
0.726 - 3 9 6 5  
5  4 1 7 4




0 .53  
0.51 
0 .54  
0 .56  
0.57 
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TABU 11.- STATIC STABILITY DATA - Concluded 










center  of spherical  base a t  0.323d 
- .0061 -0.105 0.669 a385 
- n o 0 1 6  -0.035 0 . 6 6 1  ~ 3 8 1  
.0012 0.000 0 .659  . 3 7 i  
- 0 0 8 5  0.113 0.667 .38? 
- 0 1 4 8  0.220 0.678 .40C 
- 0 2 0 2  0.333 0.693 - 4 2 1  
a0253  0.440 0 .708  - 4 4 :  
- 0 2 7 3  0.549 0 .719  .46E 
























































- 0 0 6 5  
- 0 0 9 0  
- 0 1 6 7  
a 0 3 3 1  
- 0 3 4 7  
,0411 
a 0 4 5 3  
- 0 4 7 3  
M = 0.25 
-0 .139 0.342 
-0.102 0.340 
-0.082 0.347 
0.002 0 .141  
0.080 0.377 
0.211 0.341 
0.305 0 .330  
0 .404  0 .315  
0 .510  0 . 3 3 6  
-02.9 
-00.9 
00 .1  
03.1 
06.1 




- a 0 0 7 8  
- e 0 0 2 5  
.oo 1 0  
a0119  
- 0 2  0 9  
- 0 2 8 9  
- 0 3 7 0  
- 0 4 4 6  
- 0 5 1 0  
- a 0 0 5 2  -0.106 
- e 0 0 3 2  -0.038 
.0008 -0 .002 
- 0 0 3 2  0.107 
e0041  0.223 
- 0 0 7 4  0 .336  
~ 0 0 9 9  0 .446  
- 0 1 1 6  0.555 
e0105  0.669 










e 0 0 2 4  
a0016  
- 0 0 1 8  
~ 0 0 3 2  
~ 0 0 2 5  
- 0 0 1 3  





0 .373  
0.374 
0 .368  







0 . 0 8 2  
0.185 
0 .287  
0 .393  
0 .496  
0.604 




~ 4 3 7 1  
e3780  
.3854 
- 4 1 8 2  
- 4 4 2  I 
-moo78 
- e 0 0 1 9  
. O D 1 0  
- 0 1 0 5  
- 0 1 8 7  
e 0 2 7 1  
~ 0 3 5 0  
e0428  
- 0 5 0 1  
.3617 
e 3 5 9 1  
,3568 
- 3 6 5 2  
- 3 7 3 6  
.3855 
- 4 0 5 3  
.4333 
,4585 
-0.097 0 .404  - 3 6 4 6  
-0.039 0.407 - 3 6 2 5  
-0.007 0.409 ,3628 
0.086 0.406 - 3 6 9 4  
0.186 0.404 ~ 3 8 0 0  
0 .284  0.403 - 3 9 9 9  
0.382 0.404 - 4 1 5 8  
0.482 0 .401  .4415 
0.574 0.392 - 4 6 1 4  
- 0 0 9 0  
- 0 1 7 9  
- 0 2 6 4  
e0342  
- 0 4 1 1  
- 0 4 7 1  
0.100 0.457 - 3 7 5 8  
0.202 0.462 - 3 9 5 1  
0.306 0.465 a 4 0 3 0  
0.405 0.463 - 4 2 8 3  
0.513 0.459 - 4 5 9 4  
0 .623  0 .438  .4698 
M = 1.00 
. so096  
.e0026 
.0012 
- 0 1 1 4  
e0212  
- 0 3 3 1  
- 0 4 4 6  
e0476  












0 .716  
0 .724  
0.722 




- 5 2 4 5  
- 5 2 9 0  
~ 5 1 4 1  
~ 5 2 9 6  
~ 5 6 2 0  

































- 0 0 0 5  
.0001 
.oooo 





- 0 0 0 7  
e0009  
,0011  
e 0 0 0 4  
- .0016 
- a 0 0 3 9  
- e 0 0 6 9  
-.0108 





0 .18  
0 .28  
0 .37  
0.47f 
0 .57  
M = 2.2 
0.07( 
0 .02 (  
0.00' 
0.091 
0 .17 ;  
0 .26 ;  
0 .35 ;  
0.451 
0.541 






















0 .582  
0.585 
0 .593  
0 .604  
0 .617  
0 .544  
0.551 
0 .549  
0 5 4 4  
0 .536  
0.541 
0 5 4 9  
0 .563  
0 .574  
.359 





~ 4 0 4  
e427 













- 2 4 5  
- 2 4 5  
- 2 4 5  
a248  
.255 





1 9 7  
.194  
- 1 9 7  
,201  
- 2 0 5  
Page intentionally left blank 
Figure 1 .- Photograph of model mounted on dynamic apparatus . A-27036 
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@ Moment centers 






* 0.445d - 
(0.380 1, 







i o  
12 v See note 
- 4 3 4 -  
P ( = 14.35 i n )  --A 
Y . .  
I
--
N o t e :  Rad ius  o f  spher ica l  
chosen so t h a t  the 
coincides w i t h one 
moment centers 
-(I. = 7.80 in  1 --q 
(a) Sketches of models. 
Figure 2.- Geometry of the models. 
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3- 
(b) Model i n t e r i o r s  
Fi@;ure 2. - Continued. 
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Beveled leading 
Depends on model  
moment  center 
Standard sting setup 
Model  support  
s t r u c t u r e  
-/-  
3 It  
Conicol support 
structure 
Setup for variation o f  st ing length 
3" D 
Setup for 
( c >  
2$ I tD  















0 Forword moment center 
0 Middle moment center 
0 A f t  moment center  
Flogged symbols for 
t ransferred d a t a  
-12.  
0 -I - 2  0 For middle 0 For a f t  -161 










- I  2 
- I  6 
(4 
Figure 4.- Variation of the dynamic stability characteristics with angle of 
attack. 
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0 Forward moment center 
8 A f t  moment center e Flogged symbols for 
Middle  moment center 
transferred dot0 
moment center moment center 
(b) Sharp cone with flat base; M = 1.00 and 0.65. 
Figure 4.- Continued. 
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C m q  + G m i  
( c )  Sharp cone with spher ica l  base; middle moment center .  
Figure 4. - Continued. 
0 Forward moment center 
Middle moment center 8 A f t  moment  center 
Flogged symbols for 
transferred data  
-2 0 For middle  0 For o f t  
moment center moment center 
I 
-I6, u -'I -h 
Cm, + Cm,j 
F o r  middle  
moment center 
1 For a f t  
moment center 
(d )  Blunt cone with f l 2 t  base; M = 2.20 and 1.30. 









- 4  














- 1 6 1  0 - I  -2 0 For middle 0 For a f t  
moment  center moment center 
Cm, + Cm,j 
( e )  Blunt cone with f l a t  base; M = 1.00 and 0.65. 




0 Forward moment center 
Middle moment center  
- 0 A f t  moment center 
Flogged symbols for  
transferred doto 
- I  - 2  0 For middle 0 For oft 
moment center moment center C m p  +Gm(; 
Cmq + Gm,j  moment center moment center 
(f) Blunt cone with sphex5cal base; M = 2.20 and 1.30. 
Figure 4, - Continued. 
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moment  c e n t e r  moment  center 
C r q  + GlnQ 
( g )  Blunt  cone with spherical  base; M = 1.00 and 0.65. 
F i v e  4.- Concluded. 
I 42 
c m  
(a) Sharp cone with flat base. 
Figure 5.- Variation of the static stability characteristics with angle of attack. 
43 
(b) Sharp cone with spherical  base. 
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-04  0 0.4 
(d )  Blunt cone with spher ica l  base. 














0 Forward moment center 
0 Middle moment center 
0 Af t  moment center 
0. A f t  moment center 
transferred doto 
I 
-30 . 2  .4 .6 .8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 
M 
Sharp corle with f l a t  base. ( a )  
Figure 6. - S t a b i l i t y  de r iva t ives  and ax ia l - fo rce  c o e f f i c i e n t s  f o r  model a t  zero 







Cm, + Cm& 
J ~~~ 
0 .2  .4 .6 .E 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 
M 
( b )  Sharp cone with spher ica l  base; middle moment center.  







G + c  
mq m a  
0 Forward moment center 
0 Middle  moment center 
0 A f t  moment center 
0 A f t  moment center 




-30 .2 .4 .6 .E 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2 4 
M 
( c )  Blunt cone with f l a t  base. 












G m q  + C m b  
- I  
- 2  
- 3  
1-- 
.2  .4 6 .8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 
M 
(d) Blunt cone w i t h  spher ica l  base. 
































































1-60 1.00 0.65 
Spherical base 0 0 d 
Flat base O A d  
Open symbols for hollow model 
Filled symbols for  solid model 
Flogged symbols for solid model 
with stiffened sting 
I 0 
Sting length /model diameter 
- 2  h 
.314 -393 .4? I 
Sting diameter/model diameter 
Figure 8.- E f f e c t s  of s t i n g  configurat ion on the  damping i n  p i t c h  f o r  t he  b l u n t  
cone; angle of a t t a c k  a t  zero and forward moment center .  
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